Background Rupture in the shoulder region of a coronary atheroma is considered to be a sequel to local extracellular matrix degradation in this highly vulnerable site. Such degradation could be triggered by mast cells, which are filled with neutral proteases and are present in coronary atheromas. However, the distribution and phenotype of mast cells within coronary atheromas have not been studied.
Ma acrophages, T lymphocytes, endothelial cells, smooth muscle cells, and thrombocytes are the cell types considered to be important in the atherosclerotic process.' The arterial wall also contains mast cells, and during the atherosclerotic process their number has been noted to vary. In the three reports available on human aortic intimal mast cells,2-4 a far smaller number of mast cells was observed both in fatty streaks and in atheromas compared with normal intimal areas, whereas in the atherosclerotic human coronary intima, the number of mast cells was found to be greater. 5 The role of mast cells in the development of atherosclerosis is unknown. However, recent studies in vitro and in vivo in animal models have demonstrated that the granules contained in these cells may participate in the development of macrophage foam cells. [6] [7] [8] In mast cell-induced foam cell formation, major roles could be assigned to heparin proteoglycans and neutral protease chymase present in the granules.9"10 Thus, in the series of metabolic events culminating in foam cell formation, low-density lipoproteins (LDL) are first bound to the heparin proteoglycan matrix of the exocytosed mast cell granules, then proteolyzed by granule chymase, and ultimately the proteolytically modified LDL particles Human mast cells, like their counterparts in other mammals, contain proteoglycans and proteolytic enzymes, the neutral proteases being chymase and tryptase. 12 Human mast cells contain about 10 times the quantity of neutral proteases as do polymorphonuclear leukocytes, which have always been considered a very rich source of these enzymes; accordingly, mast cells are considered to be the major source of neutral proteases in the loose connective tissue of many organs. 13 No 4 October 1994 goat anti-mouse immunoglobulin were from Dakopatts; and 3-amino-9-ethylcarbazole and 3,3'-diaminobenzidine were from Sigma.
Autopsy Material and Tissue Preparation
The autopsy series for light microscopy comprised 32 cases (20 male and 12 female) aged 13 to 67 years. The causes of death were cardiovascular diseases (n= 10); violent deaths, ie, accidents, homicides, and suicides (n=18); and poisonings (n=4). The unopened left coronary artery was removed from the heart, and tubelike specimens, each about 3 mm long, were cut to include the bifurcation and the adjacent portions of the left main and left anterior descending branches. These specimens were fixed in Carnoy's fluid (60% ethanol, 30% chloroform, and 10% glacial acetic acid) for 24 hours and embedded in paraffin. The mean interval between death and the start of fixation was 13 hours (range, 2 to 24 hours). Similar specimens for electron microscopy were taken from the bifurcation of the left coronary artery, fixed in a solution containing 2% glutaraldehyde and 1.5% paraformaldehyde, and postfixed in osmium tetroxide. The samples were then dehydrated and embedded in epoxy. We used light microscopy to evaluate the atherosclerotic involvement of the coronary arteries.617 For this purpose, the sections were stained with hematoxylin and eosin, as well as with elastica-van Gieson stain (Weigert's hematoxylin, metanil yellow, acid fuchsin, and picric acid) for collagen and elastin.
Immunocytochemistry
For immunocytochemistry, fixed serial sections (2 to 4 ,um) were dewaxed in xylene and rehydrated in graded series of ethanol, and endogenous peroxide activity was inhibited by incubation in 0.6% hydrogen peroxide in methanol. The sections were then stained either by a single indirect immunoperoxidase method with anti-tryptase or by a sequential double-labeling method with conjugated anti-chymase and conjugated anti-tryptase, as described by Irani et al.1218 In the single-staining method, the slides were incubated overnight at 4°C with anti-tryptase G3 (1.5 ,g/mL), then peroxidaseconjugated goat anti-mouse IgG was added, and finally peroxidase was visualized with 3-amino-9-ethylcarbazole and hydrogen peroxide. In the sequential double-labeling method, the tissue sections were first incubated with the biotinylated anti-chymase B7 (4 ,ug/mL) overnight at 4°C, and the chymasecontaining cells were stained indirectly with immunoperoxidase, by use of peroxidase-conjugated streptavidin and 3-amino-9-ethylcarbazole. The tissue sections were then incubated overnight at 4°C with the alkaline phosphatase-conjugated anti-tryptase antibody G3 (0.7 ,tg/mL), followed by fast blue RR and naphthol AS-MX phosphate to stain the tryptasecontaining cells.
The macrophages and T lymphocytes in the arterial intima were detected by the avidin-biotin-complex method with an anti-macrophage monoclonal antibody, HAM 56, and an anti-T-cell monoclonal antibody, UCHL 1.19-21 The slides were incubated overnight with HAM 56 (1:50) or UCHL 1 (1:50) at 4°C and then incubated with a biotinylated second-step antibody and the avidin-biotin-peroxidase complex. The peroxidase was visualized with diaminobenzidine and hydrogen peroxide. The tissues were then counterstained with Mayer's hematoxylin and mounted.
Morphometric Analysis and Microscopy
For light microscopy, the intimal areas (normal intimas; fatty streaks; and cap, core, and shoulder regions of atheromas) in each section of a coronary artery were measured by planomorphometry using CUE 2 Planomorphometry Soft Wear program at the Department of Meat Technology, University of Helsinki, and immunopositive mast cells, T lymphocytes, macrophages, and hematoxylin-stained cells were counted in the measured areas at x 100 magnification. Magnification x400 was used for identifying the subtypes of mast cells, and magnification x1000 was used to observe degranulation of mast cells. For electron microscopy, ultramicrotome sections of the epoxy-embedded coronary samples were stained with uranyl acetate and lead citrate and viewed with a Jeol JEM-1200EX transmission electron microscope at the Department of Electron Microscopy, University of Helsinki.
Statistical Analysis
Within-case comparison was made of numbers of mast cells, T lymphocytes, and macrophages in normal sites versus atherosclerotic sites (fatty streak, cap, core, and shoulder of atheroma). The response was the number of cells in the sample, and the explanatory factors were case and the site where the sample was taken (normal and atherosclerotic). The analysis depended on the form of the response variable: Poisson regression analysis was used to model number of cells (mast cells, T lymphocytes, and macrophages) per tissue area, and logistic regression analysis was used to model the proportions of mast cells, T lymphocytes, and macrophages in relation to total cell count. Ratios of mast cells to T lymphocytes and macrophages were analyzed by paired t test. The proportions of chymase-containing mast cells in relation to all mast cells could not be modeled, and the data are simply presented as mean±SD. Differences were considered statistically significant when P<.05.
Results
To evaluate the atherosclerotic involvement of the coronary arteries, the specimens were stained with hematoxylin and eosin, and with elastica-van Gieson stain for collagen and elastin. The normal intima demonstrated variable thickness and moderate overall cellularity ( Fig 1A) . Fatty streaks were characterized by subendothelial and/or deep intimal collections of foam cells (containing numerous vacuoles) (Fig 1B) . Coronary atheromas appeared as intimal areas in which, in addition to foam cells, there were accumulations of extracellular lipid (large nonstaining areas interspersed with typical cholesterol clefts). These areas contained very few cells or were acellular, a sign of cell loss (necrotic lipid core) ( Fig 1C) . With elastica-van Gieson staining, fibrous capsules were clearly demarcated from the necrotic lipid core. By these criteria, in all 32 coronary samples we found areas in which the intima appeared normal; in 25 samples there were also fatty streaks and in 19 samples also atheromas. In the atheromas, the various cell types to be studied were counted separately in the cap, core, and shoulder regions. A photomicrograph of a coronary atheroma and a schematic representation showing the locations of the various regions of the atheroma are shown in Fig 2. To demonstrate the presence in the coronary intimas of mast cells containing either tryptase alone or tryptase and chymase, the coronary sections were stained by the sequential double-labeling method. Fig 3 shows shoulder region of the atheromas. the proportion of mast cells was about 10 times that in the normal intima. on average lc. In the cap and core regions of atheromas, fewer mast cells (0.%) were present. For comparison, the numbers of T lymphocytes and macrophages in relation to the total cell number were also determined in the same areas as mast cells (Table 1) . We found that the proportions of T lymphocytes and macrophages were higher in fatty streaks and higher still in atheromas. However, most of these cells were found in the core regions of the atheromas. in contrast to the mast cells, which were most prevalent in the shoulder region. Table 2 shows the ratios of mast cells to T lymphocytes and macrophages in the various intimal samples. In the shoulder region of atheromas. the favored site for mast cells, the ratios of these cells to T lymphocvtes and macrophages were, on average, 1:4 (26C/c) and 1:8 (12%), respectively.
To investigate whether intimal mast cells were activated. signs of degranulation were sought in the various samples. using both electron and light microscopy. We found degranulated mast cells in the normal intima. the fattv streaks. and the various regions of atheromas. An electron micrograph of one tvpical mast cell with a few extracellular granules is shown in granules were clearly visible (Fig 8) , thus allowing us to group the mast cells as either activated or nonactivated. The results are shown in Table 3 . It appears that activated mast cells are numerous in the intimal areas where the atherosclerotic process is progressing, ie, in the fatty streaks and in the cap, core, and shoulder regions of atheromas. Indeed, in the core and shoulder regions of atheromas, most of the mast cells (92% and 85%, respectively) were degranulated, this being a sign of their activation. From the above data on mast cell activation in the various areas of the coronary intima and from data on the frequency of mast cells as percentages of the total numbers of intimal cells in the same regions, the relative proportions of activated mast cells in the various types of intimal area could be calculated. In normal intimas, the proportion of mast cells that were activated was 18% (see Table 3 ), and the proportion of mast cells in relation to the total number of intimal cells was 0.1% (see Table 1 ). Hence, in the normal intima, the number of activated mast cells in relation to the total number of intimal cells was 0.018%. In the shoulder regions of atheromas, the corresponding figures were 85% and 1.1%, revealing that in these areas the number of activated mast cells in relation to the total number of cells was 0.935%, ie, 50-fold higher than in normal intima (0.935% versus 0.018%).
Discussion
The results of the present study reveal a new cell type, the mast cell, among the immunologically active cells in the shoulder region of coronary atheromas. What factors might be responsible for the presence of mast cells in this region and in the coronary intima in general? Recent studies in mice, rats, and primates have demonstrated that tissue mast cells originate from precursors that arise in the bone marrow and migrate to specific tissue sites, where they differentiate locally into mast cells. 24 In these animal models, a key factor mediating the migration of mast-cell precursors to specific tissue sites and their local differentiation into mature mast cells appears to be the stem cell factor (SCF), which has also been called mast cell growth factor.25-28 Indeed, in every experimental system studied so far, the development of mast cells of connective tissue type (to which the intimal mast cells belong, according to their location) appears to depend on the presence of SCF; thus, in all likelihood, this growth factor is responsible for the development of mast cells in the human coronary intima also. This would imply that the observed wide interindividual variation in the number of intimal mast cells is a reflection of variations in the local production of SCF.
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